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1.1utroduct ion

Can a compuiter compile at timetable for at railroad that hits several classes (it' trains oin the samei

track? Traditionally. this question hits been answered in the negatike: thilt compilation ot tinetables hits been

onc of the things done bm expert people. not coimputers. I'li reasons cited aie. firm,. that economic and social

facets are basic to thC problem and second. even it the problem is limited to setting the timing of trains, the

algorithm is still not clear.

In partial response to this question, we propose an algorithm. ac combiiiation ot thie concept (it' (lhe

scttable time region and the propagation of constraints. A hich makes the so-called range-coflstriction search

ti'chnique applicable ill setting the timing and the pass-tiough relation of' trains (hereafter we call this

"setting atf train nioi enileat") in terms of smooth 1and etficienit trafftiic c c%% If% muak rg clear howk the trains

c iist rain the settable tiig of' cacti c i em under a ceii ain Olrder 1 ~ CL1 n1. tt re Cc rca puIcr Can1 i l P)SRC sitl

p iss-t hrough relartionms betmecu t hem and their settacbtc tic ire region riind canl e~a.ini c ethe elffic iency of the

tains' nmovenments tin eaith pass throtigh relation. I hese: two concepts miake the seciich spacc oft porssible

combinat ions small, and also make the sellahle time re gion ofleach train small.

As mentioned above, it is true that the compilation ot the railroad time-table includes economical

and social f'acets which control the fitndamnental outtie of a time-table -- (he direction. thie speed and the

service interval -- in order to cont'onn. as far ats possible, to die traffic demiand along its fote. to the technical

inst4Jll;tions. to the local conditions and to the economic requirements. aru uisually inirlhes ill-detirted,

possibly incosistaint requiirements. When we think about this farct. it may be saidl that the setting at train

movement is only one sub-system of the compilaion. We also fe~el tlie necessity of another seapon, such as a

k now ledge- based scheduling program INLIIXWI* G;oldstein & Robeisi. besides such at "power-based"

scheduling prograim, for the total timec-table compiling system.

lowcver~i is ;list) true that the setting of train mic meicet is still ain essential part of die comnpilation

and hai been considered a difficuli problem for computers even after being given the service inters al of each

train class in sevecral time-/ones, thre running speed (or thie running time). and the least necess.ary slo pping

time for load ing/u nloding.

---------------- ---------------I
--------------- I knowledge-basedI Scheduling I
Final Decision < (---- I scheduling < ---- system

Maker ( Human ?)I ---- ) I system -- > I discussed in

--------------- I like: [NUDGE] j this paper

---------------- --------------- I

In this paper we focus (pit tie setting of train aineient tite system in) the rightmcrsi bo) forb the

tcotal comptilation of a long-term tine Lible for high density traffic ser~ ice %ith multiple classes of trains.



[1. A train diagranm and nianual scheduling method

When a timetable is compiled manually, a train diagram is used (see Fig. I).

0 Representation on the train diagram

Train movements take place both in time and in distance. It is conventional that time is

represented on the horizontal axis and distance on the vertical axis. Fig. ](at) shos the train

ooenments front station "A" at time "t" to station "B" at time "tit" and then to station "C"

at time "w". Note that we assume the time of acceleration or braking and the variation of

running velocity are small enough so that train movement in a section 1 can be drawn as a

straight line. The pass-through ielation is also diagrammed as is between train "I R."

(pass-through) and train "[R," (passed-through) at station "it", and lie opposite direction

train is diagrammed like train "[R". Fig. I (b) shows a part of an actual train diagram.

At present, train scheduling is i trial-and-error process, done manually by, humnans using a

preliminary train diagram. A hlman uses a visual representation to interpret the relations between trains and

stations (orders and positions in time and distance). The basic relations are represented by the three links
listed below. "

O 'lliree links which are used to access a train diagram

horizontal line ---- Which train arrives before which train at this station.
vertical line ---- Which train is rinning before which train on track at this time.

train-line2 - ---- Which train arrives at which station at what time.

This means that people can see the train movement and relations without calculation, say, for

express "TR" to have a pass-through relation with a nornal "I'RN" at station P", '"TR" should be running

around section "R" at this time, or should depart station "Q" around this time. 'This helps the scheduler to

discard infeasible combinations by visualizing train movements, usually without actual drawing.

I I rack bcween two adiacent statoms
2 I.f r mcenjcrnce. we tc the conmentional word "train-ltine" to xpres a irace of a movemcnr of a tain in the time-disuance plane
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(.i) ra in inovc, oem rcp reseni(ed onit (rain diagi din

(b) par of n atualtrai diaram

Fig. I lriin mo~'rncnts de taligrm
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111.1 low to implement trial-and-error and how to represent train novements in the conputer

There are some alternative methods for maintaining a train movements data base, [hey are based

on the access links mentioned previously.

1 3 Train-line: For each train, we maintain an ordered list of the arri%,al and departure time set at each station.

Fach entry is of the form

( arrival-time departure-time

I'he horizontal line (order relation of trains) can be obtained from train-lines directly, because for all

train-lines, each entry is ordered hy the station order that never changes.

I1 I hi/ontal line: For each stat ion. we nC intain two ordered lists. one is of the depa iture tinic and another is

of the arrival time at the station. ith the train identification. I'.ach entry for cach list is of the tbnn
( time train-id )

The train-line can be ubtained from hori/ontal lines theoretically. but the train identification is also needed,

because the train order can change at each station.

0 Vertical line: For each small time unit, we maintain an ordered list of the positions on a track with the train

identification. tAch entry is of the form

position train-id )
'he train-line and die horizontal line can be obtained from vertical lines theoretically, but die vertical line is

usually used for a traffic control or a traffic simulation as a short time data.

The representation of trains' movements should depend on how often, how easy, and how f st the

data access is done from the procedure. Occasionally, a nitiltiple-linked database may be better than

single-linked database.

3-1 Implementation of trial-and-crror

For trial-and-error problems, SEARCI I-M "I IlOI)s are well-known, and die characteristics of each

of them is clear. However. whether a particular search-method is applicable and how to implement the

problem into a search-tree structure depends on the characteristics of die problem itself, such as what state Is

an alternative, or what movement is a path. The final aim of our impementation is to reduce the number of

alternatives and to prnme the tree efficiently, for the determination of the timing and the order of each train.

at each station, or in each section.

If we let a node in the tree represent the timing of each train, it would not he necessary to explicitly

keep the order of trains. However we would have a hopelessly large number of alternatives because time is

continuous. On the other hand, if we let a node represent a possible order relation in a section, we have a
smaller nunmhcr of alternatives. I ioweser, we must solve the problemns of h1mw to represent the tliming of each

train that has the vagueness and the fieedoii of timing, as shown in lig. 2, and the problem of how to

compress them.
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ig. 2 \ agueil ss and freedom olftiinig

Suppose we are given an unfocused or illegible picture of a train diagram. Probably we use things

like the gradien of each line. the stopping time. the possibility of pass-through, or the departure time of a

ccrtain train. But in die case ofta new compilation, we have no clues.

'icref're, our scheme will he as follows: in order to approximate uifticuset. or partial train diagrams, we

use the search-tie to obtain the possible order relations accompanied by something like lines stretched in

width, and. then, in order to ocius them, some constraints. Considering this process, the necessary data link

will be both the order relation in each section (horiiontal line) and the sequential dcparture/arrival time of

each train (train-line).

3-2 Reprewntalion of train movenient

(A train line can ke represented a% a 10lt ratlher fhan as a line)

Instead of fixing the timing as one instance at each distance, we will let it be %ome iime-lenglh at

each distance. By allowing thc freedom of timing to remain, we can represent a train-line as a belt in a

.etion, as shown in Fig. 3. Ihe two boundaries of each belt correspond with two train-lines: one is set as

early as possihle and another is set as late as possible by whatever means. This representation makes it

pssihlc to handle a number of alternatives (in terms of timing) as one alternative --- this is analogous to a

person* trial-and-crror method of setting in the early stage of the compilation --- but leaving the ambiguity of

overlappcd4 regon,

4 Once one of the train Inv% forming ihe owelappcd region i% iihed into a line hi %)me mcaim, the degree of ovelal decreies one:
that Imnsline niuii now cu%1 it iod4 ol 1iw new overlapped region



Ibe order of trains which constrains tie timing can be represented as at perintlation list for cach

setion. A running order in one section cooresponds to an arrival order of one station and to at depai ture order

of another station, because no pass-through can happen in at section.

Tc normal nra

Iaexpress Tb Ta xprss Tb

i id 11 S i h itimsb owvt% ihtiiSiitdpatfol i

1. and 10 h ic 1iim1C hbiweel wlih tiall isi 1ta m 'Sn

F ig. 3 Iri 11lines represented ats belt%.

3-3 Shrinking of train-line (or hell)

We know that each section is connected sequeCntidlly (in distance) and also each leg of the routing of

each train is sequential (in time), continuous including its least stopping time. This mneans that in order to

have some order relation in one section within some timie region. the timing in the previous (or next) sectionl

must be set near some particular time, and vice versa. T[he series of order relations, obtained from

successive sections. hats less freedom of time setting than at single order rclation, considered b) itself. 'Ibis is

analogous to thc shape detection algorithmn in blocks world. otili/i g the propagation oif constraints IWAL/t4
'lhercforc, ats thie nuniher of' the previously explored %eclions incieaiscs. the helts. cach of which

represents (lie settable region of each train. arie shrunik hy the propagatioo olc(Prstraiiils from it ther svt ionls.

Fig. 4 shows a simple example of shrinking of train-lines.

We can also consider this shrinking process ats the selective cut-off of some number of alternatives

from a larger group of alternatives, which comprises a group of train-lines.
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IV.The constraints on time

When we compile a timetable, we have at least two kinds of constraints on time: one is physical,

such as the maximum \velocity of cars or the necessary time for switching: another is qualitative, such as the

allowable longest stopping time, the prel'erable scr icc interval or the preferable tertItinll departure time.

Concerning pass-through, we have some additional restrictions that are mentioned later.

ILet us consider a few extremes ot comlpilation for inore concrete explanation.

0 If we set only one train in a timne-/one that is wide enough to ignore the existence of other

trains, say with a frequency of oi e train each day, the only physical constraints are the

mininimi running titine (ntaxiuiii in1 velocity) 01l each section anid the least stopping time at

each station. One im"ore necessa rv constr;int is the terminal deprt-tuIre tine (or the arrival

little of'anotlher lermitinl) ill order I ) Fix tile train-line.

0 If vAe set some itinle r ol Sall. class trains in a t iite- tone wide ciotugh ito igno re tile

conflicts or near-miss between trains and also nalrrow enough in time loIr regular ser% ice, tile

necessary constraints are the same physical ones As aboe, pIlUs the quLitati\ e constraints of

terminal departure time of one train and tile number of trains (or the interval betweerl them).

0 If we set two or more different classes of trains in a time-zone that is not wide enough to

avoid a pass-through, we need other physical constraints which are the swkitching times

between them at the pass-through station. In addition the capacity lor pass-through must be

known for each station.

(A) Constraints come from physical conditions

(These may correspond to "requirements" in [NUDGEl)

(I) The basic train movements are "Running" and "Stopping", and each constraint on train x is represented

as follows.

where.
rr: running time

r, K m) 2! -r-m (k, ) ro: hones nrning time

Ts: slopping time
[so: least necessary stopping time

T, (x, n) _ T (k, n) k: class of irain x
n: station number

m: section number
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(2) The basic operation of the station is the switching among consecutive events (arrivals, departures and

passing), and each switching requires a certain time length tor actual shifting and redundancy for safety.

The constraint between two consecutive events yl. )'2 is represented as follows.

where.

1i: tie lcngth betwe i Iwo consecultie events

Ti (y i, y 2, n, 1) > T (e t, e2, n, krsw: s itching Imnc and redundancy
ei. e0 kinds of two ecnts. yI and y2

I , wilch number

it station number

(1 ( 11 nstraints coeit from sen icc quality
(These may correspond to "ireferences" iiiN ill 19])

I'his kind of constraint does not cause collisions or disruptions of operation, but in an actual sense w'e should

properl. distribute both unavoidable delay that is caused by high density train scheduling (pass-through) and

ser% ice itself. One more constraint is the relation to the absolute time.

Some examples are:
* maximum allowable stopping time

* maximumn allowable slow down

* maximum displacement from preferable interval

* time of ie first (last) service

* departure time of special trains

Fig. 5 shows the concept of the above constraints. Fvery constraint must be checked in the

current section and at the current station, but some of them are unnecessary in the previousl explored

sections and at the previously explored stations, and can be reduced to the relations listed in Table 1. These

relations can be represented as

relation-name related-train station-number
( ..... )( ..... )....... )



F~4 conqis (2)

twit/I

r.A interval
a b c d
(b,) C nstrr nts froml service quality.

Fig. 5 Fxim~ple of conistraintls.



b a * Min. i~ (a-arrival b-pass)
* Min. T1 (b-pass. a-depariure)

* Min. Ts (a)

PASS-TROUGH* Max. Ts (a)

ab

b a c * Min.T'[ (a-departure c-arrival)

BEFORE &
BEHIND

a b c

C a d b * Max. Ti (a-deparure . b-depariure)

* Min. Ti (a-deparume b-departure)

INTERVAL

Ti: time length between two
conlsecutive same class trainls.

a C d b

Table 1. 'lhe reduced relations and the constraints that should be checked.

NOTE:
T'he constraints mentioned in (A) should not bc compromised, (in the other hand the constraints mentioned in
(11) might be compromised under -some conditions, but we assume they are given from another system like a
knowlcdge-based system or a human.
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V.Constraints for (fie pass-througti and a minor-tree

(I low to generate possible dieparture orders from an arrival order)

In ordcr to change a departing order, an arriving order or a running order, the pass-throughis must
be performed at the stations. We have some rules that constrain an arbitrary pass-thanigh as follows:

E0 Constraints on pass-through

(1) Passing priority derived from train class:
A train can not pass-through a train of the same or higher class.

(2) Stopping or not:
A train can not be passed-through at the station where that traini does not stop

(3) Con figu ration of station (sidings and main track):
A train which has already arrived can depart before any other trains' arrivals. and also a train can
arrive, as far as the station capacity allows, before any other trains' departure.

NOTE: A station capacity means not only the number of available sidings but also the length
and the existence of platform. Fig. 7. shows somne examples of the station con figu rations.

switch (A) I

switch (B)

(a) (b) (C)

Fig. 7 Example of Configuration of the station

'lhe generation of all possible departurc orders from oneC arrival order is Aso implcmented using the
trec structure (which we call "minor-trc") and each terminal node corresponds to an alternative on a
ntajor-tree. 1.ig. 8 shows anf example of'a minor-trce.



- 14-

An arriving order is ni el n2
e2 n3.
The priority of el. c2 is higher

Wig e,+than of nl~n2,n3
For example. e : express

*n, and nl.n2.3: normal

U t The station configuration is
IFi -. 7 (a).

l ' le switchs (A).(B) move

I simultaneously for the sake ofI
I safety Ibis means while one

train is arriving (departing).

another train can not depart

(arrive).

arrival (enter)

depatlurc (exit) j
it iniplrsible but usua~lly

untinntnon, Ai the cxpalusons

from this kind of nodes are not

shown.

Fig. 8 The structurc of Minor-tree

VI.What search method is suitable

In this chapter, we show examples of setting train movements, and using these examples we discuss

the search method and the evaluation of various movement settings.

(A) A simple example of setting train movements

We introduce "pattern-diagram" as a simple example of train movements. "Pattern-diagram" is one cycle of

the periodically set part of a timetable for a certain time zone, and the creation of this is usually one of the

essential stages in the current manual compilation of a timetable.

NOTE: For the sake of explanation, in this chapter we will assume that a train may stop

longer than necessary only when it is passed-through at the station, and can not slow down

from ils shortest running time, and we will return to consider the slow down oftrains. 1is

means that if a train is not passed-through. the boundary moves like glued solid sticks when

constraints are propagated, but if it is passed-through, it is discontinuous at the station

lexcept for the one-directional link that constrains the minimum and maximum stopping

tine).



Fig. 9 shows the process of shrinking at each stage, and Fig. 10 shows one of the inil restilts of shrinking and

t% o stages in process of it. under the condition listed below.

On o- n'q .elling in a double tracks line. from one teitninal to the other.

Thrc Ainds of trains run on the vrck which contains seven stations besides two teirminals.

On "ig. 0

liimited express runs evey TI (ininutes), ainid stops only at 'oth termiaas

I.Xpress tns ever,' TI (minutes). and stops a. both tennmal.ls No.4. 0. and 7 station.

Normal runs ever), 7 (minutei ) and stops at both terinals and eve'ry station.

(.n Fig. 10

I.imited express "L. "("1. "') runs every T2 (iniutes). and .slops at only both terminals.

,"wo expres.es '1" aid "1"2" run every T2 (,innles). and stop at ith therminls. Vt ,.4.6. nd 7 station.

rwo nom, nls "NI ( nd 'N- rln Cvery T2 (mtlinutes), tnd stop it bot/ Irmitil.s and every ttioi.

.......... ....

~1A
r

i i

III

Fig 9Srinkin ,r/tt~ oncchs

;i It•..,' .
I j

..... . ~. . ' /
....... / /

In this example. the limited exprei K, represented as if it rns. with the hinfiae peed, for mnvenicucc sake. because it k%, used as amm of

boundary wall. as usuallly donc e ctual computation is also done in the sonic way.
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2 N2

~NI W)

(a) (b)
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NI
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Fig. 10 F~inalI remIIi 01 ,hrinkingan thhiwo SLIges ill pruicss Of it
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Ini F-ig. 9 we can see that both train%, "1i0h depart I roin thie terminal at inostl tree iiiin. begin to
shrink SCcinino by section, Occasionall) theN stretch when they are passed -through, n 111itin begin to
shrink.

Using Fig. 10), we explain simply how the constraints work.
J F ig. 10 (i) From terminal departure ito arri.11 at No. I-station. I , I-1, NI. 1.o N2 and Ido not change
their (order, and so Lte earliest botundary (hereafier Ae call simply tarlh'.st) of L] and X/ do not shift but
e'trlieviotf 12 shift% right through the constraiint relation (link) between both ar.iisal of %/I, that shifts right.
and 1'2 at each station~ carliewiof A'2 also shiit right thio ugh the link het~~ een both departures of' I and N2
at departure teriminal. Concerning the latest houndaries (hcreaier we call haec,). hitwof A? shifts left
Airough the constraint betwecrn both arris als of /f and P2 at each staittioi and flit if bliesof/12 %hills left
throtigh the link betw Cei1 both departures of N? .ind I2 at( the terminal and so onl so 101-11.

3 Fig. 10 (b) :On arrisal at No. 5-tation, carliest ofV.? pushles earl it of EI right and then it propagates n

,arliewlo(F/I dow fittoard. to ecuIhesI of A I at the terminal, oin carlicst of A 1tpw aid till thie arri~ al at No.
)-stat io n, -it the same time at No. 4-staiti iimto caplici (it. 'Ji through pass-tio L igh link, oin coiltest of 1,.'

upward till the arrital ait No. 5-station. also oin i'tt.%r1s ~I ~ downwmiard, ito tarie%i of' \ 2 it thie teiininal and
oil tarhest of V.? upward till No. 31-station. 01 Course. If (one of the aho'~e liiiks is wide eniough ito absorb the
propagating shill, the propagation %tops at that link.

o ig. It) (c) :On departure tit No. S-station. the constraint "maximum s~topping time" holds true clearly
between the arrnsal and the departure of hilest of N2.

0 In eitery expansion, we check that the etirliesis are more left than their own Iatestts. and then generate the
alternatiN es for the next expansion.

~B) IoW to evaluate

We consider a simple method of assigning a penalty "P'" to each possible series of order relation. P
can he represented its a linear combination of the unwoilling delay of each class traim (%o far, the stopping
lame), which is caused by pass-tbrougit.

where

W Lwopt~h(dcpends on the claws of the train)

1: W(k) X< f{Ica-rcd -1,i(k) I n nt.e~ n ie tirfc wt A~mc staion from the dcpariure
terminal withut the pawwig through ialso depenids on the

class of the train)
k clSom frain~
n ticlion number
IlCa: earliest all %a] Irn Im atVMne UtIo
I d' iaic't terminal depaiture time
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(C) Ilow to search

We believe "depth-first search" is the best by the reasons listed below.

o As seen in the example. one expansion of the setting usually changes the departure and arrival time not

only of the current station (or section) but also of the previously explored stations so if we had one set of

train-lines and tried to expand another alternative, we would need a backward calculation in order to get the

previous train-lines that we had already got before.

o The search tree ("major-tree" in the fbrmer chapter) has the structure listed below, so whichever path is

,oxpanded. its maximum depth is limited to the number of sections on the line.

I-pl = I-section ( 1-station )

l-alternative = I- order relation in a section.

0 Sometimes. there is something that ceases expanding path in the middle. That is to say, by detecting the

over-shrunk(thc minus value of the width of the belt), we can know this order relation is infeasible.

o Ihe ealuation of the penalty in the middle is not useful Io order the alternatives because the unwilling

delay increases discontinuously at some stations, as shown in Fig. II. and at this point we have no under

estimation method(for A* algorithm).

Of courle, once we get the first feasible (not necessarily optinal) series of order relations, we inay avoid

expansions of some alternatives in the middle by comparing the current !V %ith the least final penalty

obtained.

Pt p
penalty ,

station (ply)

Fig. I I Increase of lPnalty

%OI I Undtr the condition applicd otn II 10. we ,%how one e aniple o1 how conuirnhii% rcditie (ilit numh,1 or ixiible ord relaliont;

Ir there are no en-n,.ramin .. the number of poI'sihle order relations is 4.586.471.424
If there are onl the con-Iraints oil pami-ihrouth. the number is 588.

If there are both cunsaijtits ton lime and on pass-through). the highest number is 76 Of course. thi% number depends on the period 1

and the timne constraints 4 B),
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V1II.Bending of the train-line (Letting speed down)

Ilitherto, we have assumed that tie stopping time can he expanded to the naxiiutni alhmace, hut

the rivaling time can not be changed from the shortest one.

I Olle'er, an increase of the runii g tiic is equki,dett it ,l increase " the stopp ig 11n1C ill leills

of unm illing-dela (penalt). Ihis means that, is shom i ill I.i,. 12. the IntilIng top[IV ng t o t h1111 C lothIer

class train could be reduced b% changing the pass-through saltion and slo% ing dov n the hlighe, :l sN train
(unwilling increase of the running time tbr this train). I he ,alule of neA n( li Ming del;i coIkd he small

enough io decrease the total penalty from its thlnner value. This Imtethod is called "ierlding of" the

train-line" and is used by humans.

SI S

unwilling deiay I

S2- S2

(a) Infeasible (b) Pass-through at S2 (c) Pass-through at 53

Fig. 12 l asi. cocept of bending of the train-line

olwever this method is very cornplicaw:ed. Suppose there is the setting of the train ,hown in Fig.

I1 (a). then we have at least three choices: bend the expre.ss, bend the imiicd or bend bodh. In this

example. it is clear that the best choice is the one in Fig. I3 (b) considering the penalty, but the situation is

usually more complicated.

Opm hmited expre%
(a) Confliction (b) Bcnding of express (c) hIcidiig of limited express

, I~ig. 13. Choices o1" bending of' the¢ traii-linc



- 20-

In bending the train-line. it seems to us that a human uses the backward correction (bending) after

detecting the infeasibilty or hopelessness of a setting of train moement with the minimum running time. but

we implement this process as follows:

For bending of the train. one more set of train-lines (the b-line), which is not used unless the set of train-lines

,.'t with the minimum running time (the a-line) becomes infeasible, is set simultaneously. Wh b-line is set
in a %a) similar to the a-line, but following the rules below.

1. he earliest boundar) of b-lie (b-earliest) is set decreasing the shift width as much as the

maximum running time constraint allows -- bend i ng only when the constraint propagates

on it toward the departure terminal.

2. ( orresponding i the bending process of ,'i-arhestl, some legs of the Lilest boundaries of

hhint" alet' beil II to ihe %.tile IU iing time ;asi-#'lest in the same section.

.. As a result of this process, the latest hbotndaiies of b-line (b-hnest) are stc using the same

running time ais b-,arl . in die corresponding section -- bend i ng. But this process has

the possibility of to\ershifting of the b-hIue heyond the boundary, so it is set decreasing the

shift width as much as the minimuim running time constraint allows -- ra i s i ng toward the

shrinking side, only when the constraint propagates on it toward the departure terminal.

4. Corresponding with the raising process of b-hitest, some legs of b-e,.':,,r.t are raised up to

the same running time as b-latest -- ra i s i ng toward the shrinking side, and its shift width

propagates.

5. le limited express also has its b-earliest and h-laIest: the former is used for bending and

the latter is used for a sort of boundary of its bending.

I) this procedure. b-earli' t is the train-line that is packed as tight its possible toward the earliest side

and b-latest is the one packed a, tight as possible toward the lattst side, considering the bending of the

trin-line. [hits means that each train line of b-hi" is given the miaximum freedom of the setting. Fig. 14

shows a exmple of a b-line.

When an overshrunk a-hue s detected, b-line is ,tlso checked. If b-line is not ovcrshrunk, a-linte is

suhituted by b-line. After having set tip to the arrival tenninal, the lillowing shrinking procedure is

processed because the b-line includes the freedom of running time.

I. Ibe b-latest of the limited express is shifted up to its b-earliest.

2. Fr each exprs. in each section from the arrival terminal to the departure terminal, the

train-line with the minimum running time is tried from the earliest arrival time: as far as the

corresmpoding departure time or the consecutive arrial time is %ettable inside of its b-line, it

is iet as its new iwrhexi. If not. the time of b-hlt is selected is it new earliest.
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Both processes should fe accomipanied " itl the piopgatioll of' consti nls.

Ilis maN be one seting of sceral variations, but ,t least it is CuOtgh 10r die e',1a1tlitioll Of' itS pcnalty. Fig.

IS show.s the iesult ol'process I and the tcsult of process 2. applied to Fig. 14.

S4 -- latest of f'

earliest of L
II

4.;

NI

3-

2 N2

E2

Fig. 14 An example of b/inc
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VIII.Conclusion

We proposed arn application of the range-coinstricted search algorithm for thle coinpil Ition of a
tinte-tablc for a railroad.

O T'he concept of tile settable time region is used to represent at numnber of tile possibbujies of tine

setting.

o The propagation of constraints is used to cut off thle impossible settings selectively.

The propagation of constraints is well-known as at powerful concept in vision, where sonie knowledge of

IhysicaIlly realiiahle relations is used to constrain so-called neighbors. Similarly, ini the problem of setting

of' train miovement, we can find somec properties -- the continuity of' train miovement, [lhe difference of

imm lug time and so forth - - and then, an application11 of p ropagatin 0'Con St ralits shows that Clarification of

tCie relationship between trains and stations makes it possible to reduce thle ammmigiity or freedom of thie train

iovcem. On thle other hand, thle concept of settable time region umakes it possible to handle at train that

has ambiguity or freedom.

We did not discuss ' Final shrinking", thle process for literally shrinking to it train-line. One

mlinimumlil penalty answer flor the final shrinking is Found by setting the terminal depalrtreI timeC to thle latest

time. in the order of normal and express, having no guarantee of the so-called best setting. I his will be our

ftture work. I owever, the preliminary shrinking has the cfkect of reducing the humian work even if the

final shrinking is done by at human.

Finally, we mention that this scheme may be applied for setting of train movement onl a single track

line.
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